Hypoxia-inducible factor 1␣ (HIF-1␣) is a transcription factor that regulates cellular responses to hypoxia. It controls the expression of both BCL2/adenovirus E1B 19-kDa proteininteracting protein 3 (BNIP3) and insulin-like growth factor 2 (IGF2). Previous studies have demonstrated that in hypoxia, copper is required for the expression of BNIP3 but not for that of IGF2. Here, using ChIP assays, computational analyses, luciferase reporter assays, and real-time quantitative RT-PCR, we sought to better understand how copper regulates the differential target gene selectivity of HIF-1␣. Human umbilical vein endothelial cells (HUVECs) were exposed to CoCl 2 or hypoxia conditions to increase HIF-1␣ accumulation. The binding of HIF-1␣ to hypoxia-responsive element (HRE) sites in the BNIP3 or IGF2 gene promoter in high-or low-copper conditions was examined. Our analyses revealed three and two potential HRE sites in the BNIP3 and IGF2 promoters, respectively. We identified that HRE (؊412/؊404) in the BNIP3 promoter and HRE (؊354/؊347) in the IGF2 promoter are the critical binding sites of HIF-1␣. Tetraethelenepentamine (TEPA)-mediated reduction in copper concentration did not affect hypoxia-or CoCl 2induced HIF-1␣ accumulation. However, the copper reduction did suppress the binding of HIF-1␣ to the HRE (؊412/؊404) in BNIP3 but not the binding of HIF-1␣ to the HRE (؊354/؊347) in IGF2. In summary, our findings uncovered the mechanistic basis for differential HIF-1␣-mediated regulation of BNIP3 and IGF2, indicating that copper regulates target gene selectivity of HIF-1␣ at least in part by affecting HIF-1␣ binding to its cognate HRE in the promoters of these two genes.
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Hypoxia-inducible factor 1 (HIF-1), 3 a key transcription factor in regulation of cellular metabolism and homeostasis, transactivates the expression of multiple genes involved in anaerobic glycolysis, erythropoiesis, and angiogenesis in response to hypoxic condition that occurs under a diversity of physiological and pathological conditions, such as embryonic development, ischemic disease, pulmonary disease, and cancer (1) (2) (3) . HIF-1 is composed of HIF-1␣ and HIF-1␤ subunits. The cellular stability of HIF-1␣ determines the ultimate activation of HIF-1. The protein level of HIF-1␣ is undetectable in most cell types under normoxic condition because of its degradation by the ubiquitin-proteasome pathway (4 -6) . Under hypoxic conditions, HIF-1␣ escapes from the degradation pathway, accumulates in the cytosol and is translocated into the nucleus, where it dimerizes with HIF-1␤, interacts with cofactors to assemble the HIF-1 transcriptional complex, and binds to the hypoxia-responsive element (HRE) sites of its target genes, leading to transactivation of target genes expression. However, little is known about how the selectivity of the target genes of HIF-1␣ is regulated.
There are almost 300 genes that are regulated by HIF-1␣ (7, 8) . It appears that not all of the genes controlled by HIF-1␣ are transactivated at the same time under a set of stress conditions. Previous studies have revealed several mechanisms regulating the target gene selectivity of HIF-1␣, such as epigenetic modifications (9 -11) . Our previous studies found that copper regulates the target gene selectivity of HIF-1␣ (12) . We observed that cobalt-induced accumulation of HIF-1␣ results in the transactivation of multiple HIF-1␣ target genes. Among these genes are critical angiogenic factors such as vascular endothelial growth factor (VEGF) (13) (14) (15) . The treatment of human umbilical vein endothelial cells (HUVECs) with a copper chelator, tetraethylenepentamine (TEPA), does not affect cobalt-induced accumulation of HIF-1␣ but blocks the expression of VEGF, an effect that is reversible by an addition of copper sulfate (16) .
This suppression of HIF-1␣-regulated gene expression by copper deficiency is not only limited to VEGF but is also observed in other genes such as BCL2/adenovirus E1B 19-kDa protein-interacting protein 3 (BNIP3) under the same cobalt treatment condition (12) . However, the expression of another set of genes, also transactivated by HIF-1␣ in response to cobalt treatment such as insulin-like growth factor 2 (IGF2), is not affected by copper deprivation (12) . This differential regulation of HIF-1␣controlled target gene expression by copper deficiency in vitro was also observed in the monkey model of myocardial ischemic infarction (17) . Under a chronic myocardial ischemic condition induced by a permanent coronary artery ligation, copper concentrations were remarkably decreased, but HIF-1␣ accumulation was significantly increased in the same infarct myocardial tissue (17) . The expression of critical angiogenic factors including VEGF controlled by HIF-1␣ was severely suppressed, but that of other HIF-1␣-controlled genes such as angiopoietin-2 (Ang-2) was actually up-regulated (17) . These observations thus raise an important question: what is the mechanism by which copper regulates the target gene selectivity of HIF-1␣?
Our early studies demonstrated that copper deprivation suppresses the binding of HIF-1␣ to the HRE of VEGF gene by electrophoretic mobility shift assay (18) . Therefore, the present study was undertaken to test the hypothesis that copper regulates the target gene selectivity of HIF-1␣ by modulating the binding of this transcription factor to HRE sites of the target genes. Because the expression of copper-dependent BNIP3 and copper-independent IGF2 in the HUVECs is well defined (12), the same genes were applied in the present study. The hypoxia (1% O 2 ) and cobalt treatment were used to induce HIF-1␣ accumulation.
Results

Determination of functional HIF-1␣-binding sites in the promoter regions of BNIP3 and IGF2 genes
Three potential HRE sites were found in BNIP3 promoter; they were BNIP3-HRE1 at Ϫ412/Ϫ404 (5Ј-CCTGCACGT-3Ј), BNIP3-HRE2 at Ϫ48/Ϫ40 (5Ј-GCCGCACGT-3Ј), and BNIP3-HRE3 at Ϫ43/Ϫ35 (5Ј-ACGTGCCAC-3Ј). Two potential HRE sites were found in IGF2 promoter; they were IGF2-HRE1 at Ϫ648/Ϫ641 (5Ј-TGCGTGGG-3Ј) and IGF2-HRE2 at Ϫ354/ Ϫ347 (5Ј-GACGTGAC-3Ј). BNIP3-HRE2 and BNIP3-HRE3 are overlapped so that these two sites were tested together (BNIP3-HRE2-3) ( Fig. 1A ).
After treatment with CoCl 2 , the binding of HIF-1␣ to the endogenous VEGF HRE site (19, 20) increased markedly compared with the control group as shown in Fig. 1B . CoCl 2 caused HIF-1␣ binding to the endogenous BNIP3-HRE1 and IGF2-HRE2 sites but not to BNIP3-HRE2-3 or IGF2-HRE1 site ( Fig.  1 , C and D). These HIF-1␣-binding sites (BNIP3-HRE1 and IGF2-HRE2) were confirmed by luciferase reporter assay using the vectors of PGL3-promoter and PGL3-basic. The map of luciferase vectors and the sequences that were inserted into the two vectors respectively are shown in Fig. 1E and Fig. S1A . Compared with the response of the control group, CoCl 2 induced luciferase activity of plasmids containing sequences with BNIP3-HRE1 or IGF2-HRE2 (WT BNIP3-HRE1 and WT IGF2-HRE2) but not that of plasmids containing mutated sequences (Mu BNIP3-HRE1 and Mu IGF2-HRE2) ( Fig. 1 , F and G, and Fig. S1 , B and C). Thus, BNIP3-HRE1 (5Ј-CCTG-CACGT-3Ј) and IGF2-HRE2 (5Ј-GACGTGAC-3Ј) were identified as the functional HIF-1␣binding sites.
Reduction of nucleus-associated copper concentrations but not HIF-1␣ accumulation by TEPA
HIF-1␣ protein accumulation was induced to the highest level at 4 h and decreased after 8 h (Fig. 2, A and B) after hypoxia treatment of HUVECs. The binding of HIF-1␣ to BNIP3-HRE1 reached to the highest level at 8 h (Fig. 2C) , and the expression of BNIP3 and IGF2 mRNA was significantly induced at 16 h (Fig. 2 , D and E) after hypoxia. Western blotting analysis showed that the isolated nuclear fraction was free of cytoplasmic contamination because the nuclear lysate was enriched with HIF-1␣ and histone H3, with no detectable ATPB or GAPDH and with reduced ␤-actin compared with the whole cell lysate (Fig. 3A ). Copper concentrations associated with nuclei were increased when the cells were cultured under hypoxic conditions for 8 or 24 h ( Fig. 3B ), but it was completely blocked if the cells were pretreated with TEPA 24 h or pretreated with TEPA 24 h with an additional 8-h concomitant treatment under hypoxic conditions (totally 32 h) ( Fig. 3C ), whereas the accumulation of HIF-1␣ protein in the nuclei under these conditions was not affected by TEPA treatment (Fig. 3 , D and E). In parallel, TEPA also reduced the nucleusassociated copper concentrations but did not affect the HIFs-1␣ accumulation induced by CoCl 2 (Fig. 3 , F-H).
Suppression of HIF-1␣ binding to the HRE of BNIP3, but not to that of IGF2, by copper deprivation
In the presence of TEPA, the binding of HIF-1␣ to the BNIP3-HRE1 site was completely blocked relative to the hypoxia-or cobalt-treated positive controls, as detected by ChIP assay (Fig. 4, A and B) and confirmed by luciferase reporter assay ( Fig. 4 , C and D, and Fig. S1 , D and E) and the detection of BNIP3 mRNA expression by real-time quantitative RT-PCR (qRT-PCR) ( Fig. 4E ).
On the contrary, copper deprivation did not affect the binding of HIF-1␣ to the IGF2-HRE2 under hypoxia or cobalt treatment ( Fig. 4 , F and G). As expected, both luciferase reporter assay and the detection of IGF2 mRNA expression confirmed the observation by ChIP assay (Fig. 4 , H-J, and Fig. S1 , F and G). Thus, copper deprivation decreased the binding of HIF-1␣ to BNIP3 promoter but not to IGF2 promoter.
Discussion
In response to hypoxia, HIF-1␣ accumulation leads to transactivation of multiple genes expression. There are almost 300 genes that are regulated by HIF-1␣ (7, 8) . The well tuning of HIF-1␣ activity under certain conditions is required for cellular responses to different stresses and for maintaining cellular homeostasis. Several studies have focused on the mechanisms that determine the target gene selectivity of HIF-1␣. It was found that HIF-1␣ prefers to bind to genes that are already activated. Under acute hypoxic conditions, more than 80% of genes bound by HIF-1␣ in HepG2 and U87 cells are those that have already been activated under normal growth condition prior to hypoxia, because the loci in the promoter were transcriptionally activated and available for binding of HIF-1␣ (21) . In addition, HIF-1␣ cooperates with other transcription factors and selectively binds to the target genes. In HeLa cells, the mutation of the binding sites of transcription factor CCAAT/ enhancer-binding protein in glycogen synthase 1 promoter or cAMP-response element-binding protein in lactate dehydrogenase A promoter proximal to the HRE sequence decreased the HIF-1␣-induced response to hypoxia, whereas the mutation of the Apetala 1-binding site in carbonic anhydrase IX/CA9 (CA9) promoter increased this response (22) . The results
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obtained from the present study demonstrated that the target gene selectivity of HIF-1␣ is also regulated by cellular modulators. This copper regulation of target gene selectivity of HIF-1␣ represents such a mechanism.
In the present study, we observed that copper regulates the target gene selectivity of HIF-1␣ via at least in part its influence on the binding of HIF-1␣ to the binding sites of target genes. As previously demonstrated, BNIP3 and IGF2 are two genes controlled by HIF-1␣, but their expression is differentially regu-lated by copper, namely copper-dependent versus copper-independent, respectively (12) . Both genes contain effective HRE sequences in their promoter regions, as defined in the present study. Copper deprivation by TEPA did not affect the accumulation and the nuclear entry of HIF-1␣ but decreased the nucleus-associated copper concentrations. Under such a condition, the binding of HIF-1␣ to the HRE site of BNIP3 was completely suppressed, along with a complete inhibition of BNIP3 mRNA expression, but the binding of HIF-1␣ to the HRE site of IGF2 or 
the expression of IGF2 mRNA was not affected. Therefore, selective modulation of HIF-1␣ binding to different HRE sites is a determinant factor for copper regulation of the target gene selectivity of HIF-1␣.
The effect of copper on the gene selectivity of HIF-1␣ would play an important role in pathological conditions, such as ischemic heart diseases and cancers. Copper efflux from the chronic ischemic myocardium has been observed both in human and animal models (17, 23, 24) . Our recent studies of monkey model of myocardial ischemic infarction have revealed the link between copper deprivation in the ischemic heart and the suppressed expression of HIF-1␣controlled angiogenic factors, including VEGF, tyrosine-protein kinase receptor Tie-2, angiopoietin-1, and fibroblast growth factor-1. The depressed angiogenesis in the chronic ischemic heart is actually accompanied by increased HIF-1␣ protein level (17) and transactivation of the expression of other genes such as IGF2 (17) . This understanding of the relationship between copper and HIF-1␣ would provide a potential novel approach in clinical setting to selectively activate HIF-1␣controlled angiogenesis as a therapy target for chronic ischemic heart disease.
On the other hand, the effect of copper on the regulation of HIF-1␣ activity in cancers presents another aspect of the clinical relevance. Copper concentrations in the serum and red blood cells of patients with cancers, such as hepatocellular carcinoma, are higher than those in the healthy people (25, 26) . Copper accumulation activates HIF-1␣controlled angiogenesis in the tumor, promoting tumor progression (27) (28) (29) . A specific targeting to copper-regulated promoter regions of the selective angiogenic genes would provide an alternative approach to anticancer therapy.
It was interesting to notice that under hypoxia or cobalt treatment, nucleus-associated copper concentrations were increased nearly 50% more than that under normoxic conditions. We have observed that copper chaperone for superoxide dismutase-1 is majorly responsible for copper transport from the cytosol to the nucleus under the hypoxic conditions (30) . This coordination in the nuclear translocation between copper and HIF-1␣ would help their functional integration for the target gene selection in response to hypoxia.
In summary, the present study defined that HRE (Ϫ412/ Ϫ404) of BNIP3 and HRE (Ϫ354/Ϫ347) of IGF2 were functional binding sites for HIF-1␣. Copper, by differentially affecting the binding of HIF-1␣ to the HRE sites, regulates the target gene selectivity of HIF-1␣ under the hypoxic conditions. This provides a novel insight into the regulation of HIF-1␣ transactivation of target gene expression. Further studies will examine the molecular components and their interactions that mediate copper regulation of target gene selectivity of HIF-1␣.
Experimental procedures
Cell culture and treatment
HUVECs obtained from American Type Culture Collection were cultured in high glucose Dulbecco's modified Eagle's medium (Gibco) supplemented with 10% fetal bovine serum (Hyclone) at 37°C in a 5% CO 2 and 95% air incubator. Penicillin and streptomycin, 50 g/liter each, were added to the medium, 
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and cells were seeded in culture flasks until achieving density of 50% confluence. The cells were treated with CoCl 2 (Chron Chemicals), TEPA (Sigma), or cultured cells under hypoxic condition (1% O 2 , 5% CO 2 , and 37°C) with pretreated with TEPA in accordance with the experimental protocol as detailed in the figure legends.
Nucleus isolation
The cells were washed three times using PBS and scraped from the culture flasks with scrapping solution (1% PBS, 0.05% Tween 20) . The residual scrapping solution was removed by washing cell pellet with PBS. The cell pellet was washed with sucrose solution (0.3 M sucrose, 10 mM HEPES-NaOH, pH 7.9, 1% Triton X-100, 2 mM MgOAc) to obtain the isolated nuclei and then washed the nucleus pellet with glycerol buffer (25% glycerol, 10 mM HEPES-NaOH, pH 7.9, 0.1 mM EDTA, 5 mM MgOAc). All washing steps were repeated twice except the glycerol buffer, which was performed once, by centrifugation at 2500 ϫ g for 5 min at 4°C after suspending cell pellet. The final nucleus pellet was stored at Ϫ80°C. All processes above were performed on ice. 
Copper regulation of HIF-1␣ binding to HRE site Atomic absorption spectrophotometry (AAS) analysis
The cells were collected after being washed with PBS containing EDTA-2Na (10 mM; Sigma) for three times. Then the cell pellet was washed using the scrapping solution, PBS, and sucrose solution as described above. The isolated nucleus pellet was lysed with SDS lysis buffer (1% SDS) containing 1% complete EDTA-free protease inhibitor mixture (Roche DE). The nuclear lysate was digested with nitric acid at 60°C for 72 h and diluted in 3-fold distilled water, and then detected by AAS (ICE3500; Thermo Fisher). Nucleus-associated cop-
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per concentrations were normalized by nuclear protein concentrations.
ChIP assay
The cells were incubated at 37°C for 15 min in 1% formaldehyde (Sigma), and the reaction was terminated by glycine solution (0.125 M). The cells were scraped from culture flasks after being washed three times with PBS. The nuclei were isolated as described above and lysed in nuclei lysis buffer (50 mM Tris, pH 8.0, 10 mM EDTA, 1% SDS) containing 1% complete EDTA-free protease inhibitor mixture. After being incubated at 4°C for 10 min and centrifuged at 800 ϫ g for 5 min at 4°C, the precipitate was suspended in a dilution buffer (20 mM Tris-HCl, pH 8.0, 167 mM NaCl, 1.1 mM EDTA, 0.01% SDS, 1.1% Triton X-100), and DNA in the lysate was interrupted to lengths between 100 and 800 bp by ultrasonic treatment. The endogenous DNA binding to HIF-1␣ was immunoprecipitated as follows: immunomagnetic beads (Invitrogen; 35 l) were incubated at 25°C for 30 min with 5 g of goat anti-human HIF-1␣ polyclone antibody (31, 32) (AF1935, KAK0214121; R&D Systems) or 5 g of nonspecific goat IgG (AB-108-C, ES4115041; R&D Systems), IgG was served as a negative control. Sheared DNA of 7 g was removed as "input" DNA; 70 g of DNA was incubated with an antibody bead complex at 25°C for 40 min. After immunoprecipitation, the nonspecific binding DNA was removed by washing buffer as described in previous study (32) , and the HIF-1␣-binding DNA was eluted by elution buffer (1% SDS, 0.1 M NaHCO 3 ). The DNA product was incubated with RNase (TaKaRa; 0.2 mg/ml) at 37°C for 1 h and followed by protease K (Roche, DE) at 65°C for at least 4 h. Eluted DNA was purified using a TIAN quick mini purification kit (Tiangen). Quantitative real-time PCR was used to detect the purified DNA, and the binding level was analyzed relative to IgG level using the 2 Ϫ⌬⌬CT method in each sample. PROMO (http://alggen.lsi. upc.es/), 4 a program for the prediction of transcription factor binding sites in DNA sequences (33, 34) , and data from early studies using ChIP-sequencing with anti-HIF-1␣ antibody in human cell lines ( Fig. S1H) (35, 36) were used to predict the potential binding sites of HIF-1␣ in the promoter regions of BNIP3 and IGF2 genes (Fig. 1A) , and then those sites were verified by ChIP assay.
Primers were designed according to the HRE sites as shown below: forward, 5Ј-GACCGCGCAGCCCACTCGT-3Ј, and reverse, 5Ј-GTGTGGCACGTGCGGCGC-3Ј for HRE (Ϫ48/ Ϫ35) site of BNIP3; forward, 5Ј-GGCCGCTTCCCTGCAC-GTC-3Ј and reverse, 5Ј-GCCGGGTTCTCCTTTGAAGGG-3Ј for HRE (Ϫ412/Ϫ404) site of BNIP3; forward, 5Ј-GGATTTT-AGGTGCTCCCGGT-3Ј, and reverse, 5Ј-GTCCAATCGCCC-AATCCAGA-3Ј for HRE (Ϫ354/Ϫ347) site of IGF2; and forward, 5Ј-TCAGGAAGAGGCAAAGACGTG-3Ј, and reverse, 5Ј-ATCCCAACACAGGCTAGTAAAAC-3Ј for HRE (Ϫ648/ Ϫ641) site of IGF2. Primers designed according to gene sequences far away from HIF-1␣binding sites in BNIP3 or IGF2 were used as negative controls for the two functional HRE sites: forward, 5Ј-ATATGGGATTGGTCAAGTCGGC-3Ј, and reverse, 5Ј-CAGGAGTCACACAGTCACATCAC-3Ј for BNIP3; and forward, 5Ј-CGAGGCACCCCAAATTACCT-3Ј, and reverse, 5Ј-TGAAGACATTGGGGACACGG-3Ј for IGF2.
Western blotting
Nucleus pellet was lysed by ice-cold SDS lysis buffer (1% SDS), which contains 1% complete EDTA-free protease inhibitor mixture. Modified Lowry protein assay (Thermo Fisher) was used to measure the protein concentration. An aliquot of 20 g of protein from each sample was subjected to a 10% SDSpolyacrylamide electrophoresis gel and blotted onto a polyvinylidene difluoride (PVDF) membrane (Bio-Rad). After blocking the PVDF membrane for an hour with nonfat dry milk (5%) dissolved in TBS/Tween 20 (TBST, 10 mM Tris-HCl, pH 8.0, 150 mM NaCl, and 0.1% Tween 20), the PVDF membrane was incubated at 4°C overnight in block solution containing antibodies as follows: goat anti-human HIF-1␣ polyclonal antibody (AF1935, KAK0214121; R&D Systems; 1:1000), mouse antihuman ␤-actin mAb (TA-09, 151110; ZSGB-BIO; 1:1000), mouse anti-human GAPDH mAb (TA-08, 131024; ZSGB-BIO; 1:1000), mouse anti-human histone H3 mAb (051341, 2272711; Millipore; 1:2000), or rabbit anti-human ATPB mAb (ab170947, GR129946-6; Abcam; 1:1000). The membranes were washed in TBST buffer for three times and incubated at 37°C for 1 h in block solution containing horseradish peroxidase-linked anti-goat IgG (ZB-2306, 113402; ZSGB-BIO; 1:1000), anti-rabbit IgG (ZB-2301, 107015; ZSGB-BIO; 1:1000), or anti-mouse IgG antibody (ZB-2305, 101966; ZSGB-BIO; 1:1000). The antibody validation information was shown in Fig.  S2 . The protein was visualized using a chemiluminescence HRP substrate (Millipore), and chemiluminescent images were collected by FUSION FX (Vilber Lourmat). The images were then analyzed using FUSION analysis software.
Luciferase reporter assay
Four sequences were cloned into PGL3-promoter ( Fig. 1E) , which contains a SV-40 promoter or PGL3-basic ( Fig. S1A ) vector (Promega); they were the WT BNIP3-HRE1 (5Ј-CCTG- 
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CACGT-3Ј, Ϫ412/Ϫ404) or the mutated BNIP3-HRE1 (5Ј-CCTGCTTTT-3Ј, Ϫ412/Ϫ404) along with their flanking sequences (Ϫ652/Ϫ353, 300 bp), and the WT IGF2-HRE2 (5Ј-GACGTGAC-3Ј, Ϫ354/Ϫ347) or the mutated IGF2-HRE2 (5Ј-GAAAAGAC-3Ј, Ϫ354/Ϫ347) along with their flanking sequences (Ϫ560/Ϫ261, 300 bp) ( Fig. 1E ). For luciferase assay, the cells were grown in a 6-well tissue culture dish, reaching a density of 60% confluence by the time of transfection. Plasmids containing WT/Mu HRE site of BNIP3 or IGF2 were cotransfected with an internal control pRL-SV40 (Promega) by Lipofectamine 2000 reagent (Invitrogen). 6 h after transfection, the medium was changed to high glucose Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum, and the cells were cultured overnight. To test the luciferase activities, the cells were collected and detected by a Dual-Luciferase reporter assay kit (Promega).
qRT-PCR
Total RNA was extracted from HUVECs using a TRIzol reagent (Invitrogen), and 900 ng of RNA was reverse transcribed by an Moloney murine leukemia virus RTase cDNA synthesis kit (TaKaRa). The PCR and data analysis were followed as our previous study (12) . Primers were shown below: forward, 5Ј-TCAGCATGAGGAACACGAGCGT-3Ј and reverse, 5Ј-GAGGTTGTCAGACGCCTTCCAA-3Ј, for BNIP3; forward, 5Ј-GACCGCGGCTTCTACTTCAG-3Ј, and reverse, 5Ј-AAG-AACTTGCCCACGGGGTAT-3Ј for IGF2; and forward, 5Ј-TTCGGAACTGAGGCCATGAT-3Ј, and reverse, 5Ј-TTTCG-CTCTGGTCCGTCTTG-3Ј for RPS18.
Statistical analysis
The data were analyzed by one-way or two-way ANOVA which followed by Tukey's multiple comparison test, unpaired t test, or Kruskal-Wallis analysis where appropriate. At least three independent experiments were carried, and the data from each experiment were expressed as mean values Ϯ S.D. A p value Ͻ 0.05 was considered significant.
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